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“StMMARY

The performance of a mixe&flow impeller and varied diffhser
unit with several modifications was” investi~ted in an KACA
vari”dble-component aup6rcharger test rig. The investigation
covered impeller tip speeds fkcm &Xl to 1X)(I feet per second
over the range of air flows from wid.sopen throttle to incipient
surge= Several different f rental clearances were tried, survqs
were taken to determine the losses in the VSZ50us components,
and, finally, two vaneless axtsnsions of” different diameter were
added to the diffhser,

The results showed the supercharger to have a peak
efficie~ of 0.77 and a peak pressure coefficient of 0.61 with
the impeller frontal clearance at 0.035 inch, The superchmger
-’as fairly sensitive to clearance, the peak efficiency falling
off about two points at a mean clearance of 0.070 inch. The
use of the vanelese extension to the standard diffuser s
increased the efficie~ to O.~.

IWCROIWTI(YJ

A centrifugal supercharger has been constructed having an
impeller incorporating flow passages that change from the inlet
to the exit of the impeller more ~ually than the conventional
centrifugal inq)ellera Perf omance investigations conducted by
the manufacturer on this superchaqp stied an efficiency of
aver W percent, which is appreciably hi@er than that of q
mqercharger currently in use with reciprocating engines.
Furthermore, this hi~ efficiency was obtained at a vary high .
load coefficient . In order to veri~ the results of these tests
and to obtain more ccqlete information on the impeller and
diffuser used In this superchar~r, the NAM initiated a st@y
of the superclwger to determine 1ts original operating
characteristics along with the performance resulting frcm
several design changes. W superchargermodifications include
-s in impeller frontal clearance and the addition of vaneJ
less extensions of different diameter to the standard varied
diffuser.
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SUPERCHARGER

The supercharger impeller used In this investigation is
shownin figure 1. It is a single shrouded impeller hawing an
inlet diameter of g+ Inches and a ti diameter vaz@ng along

2Ethe exiel length from 11.015 to 11. 1 inches. There are ~
blades with scallops on the peripheq between the blades. The
blades are so desi~ed that their curvature is ~adual and
extends over the entire langth, - are so constructed that
the centrifugal forces are taken in tension and introduce no
bending mcmnts. The passege Is so shapd that the flow has
both a backard snd an axial component of velocity along the
radius. lbr this reason the impeller is usually referred to
aa a ~mixed-flowfi impeller. Ihlike the conventional centrifugal
impeller, the blades do nut hme cumed sections at the inlet
usuelly referred to as induc~s.

The diffuser used in conjunction with the hpeller Is shown
in fimre 2, It has an inner diameter of 11.8 inches. an outer
diameIer
aasanbly
oven=all

of 17 inches, end has 14 e
F

~sp&ed vanee. An
drewing of the impellex+ii fuser combination with the
dimensions is shown in figure 3.

TEST SETW ANDFRXMIEE

impeller and diffuser were tested in the NAOAvariabl+
component s~ercharger test rig, a description and photographs
of which are given in reference 1. A photognzph of the setup
is shown in figure 4.

The supercharger was originally set up with a mean frontal
clearance (running clearance) of 0.070 inch and run at tip
speeds of 800, m, 10CX),1100,..* 1200 f’at per 4e60nd o$er the
range of air flows from tide-open throttle to sur~ point with
the outlet pressure held constant at h inches of mercury
absolute. The iqeller for these first tests ren out of true
at the blede tips thus resulting in a minimumfrontal cleerance
of 0.056 inch and a maximumof 0.084 inch, giving a mean
clearance of 0,070 inch. All t4e measuranents recommended in
reference 2 were taken. Survey tubes were than installed at the
impeller tip, in the diffuser outlet, and at a point 2 inches
from the diffuser exit. Runs were made at 800 and 1100 feet
p= SeCOId dllri~ WhiCh both thO SUI’VWSad the OVSI=dl data
were ‘taken.

A w front shroud waa instsll& with a unifoxm frontal
clearance of 0.035
for
WE!

safe operation
desi~d for a

inch, which was the smallest permissible
In the umlt being studied. (The impeller
clearence of 0.025 inch. )
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Wring someadditional tests a blade failure occurred in
&e” impeller. A new impeller was obtained and machined .to tha
exact size of the orklnal inmeller, whl.ch.it reolac4dm After
machining, ihe impi311& had “i&etie shifpe pas&e as %8 first.
Tests were then made to see If the characteristics of the
original and replacemmt impellere ~ed.

Final.Q, tests were made with an extension on the diffuser.
!Ihis =tensl~ consisted of two parallel, flat, annular plates,
so mounted that their axial dep~ was the same as the diffusqr
exit depth, The effect was a veneless dlff’us= extension of
the standard diffuser . Runs were * with cliff erent axtamions,
“one of 27 inches outside dAameter and the other of 35 hches ,
at ~ and 11(M feet per second.

MEMUKENENTS

Figure 5 is a sketch showing the location of tho points
at which pressure and temperature measurements were made in the
investigation of the uvm”hll. perf omkmceof the mi t. Static
pressures and total pressures were measured with mercury
manometers and teqeratures were meamred with iron-constentan
thermocouples.

The location of the survey tubes in the second test is
shown in figure 6. These tties were arranged for axial traverse
and. for variable angle with tho radial and were divided into
two groups. tie ~oup A was locatfid at a diffuser passage
that discharged directly tow~rd a discharge duct, and the other
=- B W= located ~rwtely 90° way. ~ s-q with a
given ttie consisted of reading the “maximumtotal head at five
points across the paes~geo The average total pressure was
then obtained by a planimeter integration of a curve drawn
throu@ these points. The total temperature tbmghout the
entire outlet system was assured to be the same and was taken
as the total temperature in the dlscherge pipes.

Measurements
first test:

in the final tests were the same as in the

~CNS

The method used in finding tho characteristics of the
qercher~r is given in reference 2. ~ teqerature
recovery coefficient for the thermocouples waa tebn as O. ~.
The largest diameter of the hupeller was used for finding the
pressure coefficient.

.—
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The angle at which the air entered the diffhser “was found
by * use of the following equations:

.. .

v

H

where

v
gt

r

rl

where

Q

A

‘g

‘g =t/F (1)

the tangential velocity of air leaving impeller, feet
per second

the acceleration of gravi~, * as 32.1* feet per
second per second

the impeller tip speed, feet per second

the increase in total enthalpy per unit mass, foob
pound per pound

v ~ = Vgtr

‘%

(2)

the tangential velocity’ of air entering diffuser, feet
per second

the radius of dif fhser entrance, feet

the radius of impeller, feet

Q=Avg (3)

the volune of air entering diffuser, cubic feet per
second

the area perpe@lcular to the direction of flow, sqmre
f eat

the absolute m310ci@ of air entering diffuser, feet
per second
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where
,..

e
. .

“~<’”;”””. .
. .

“v
&an 0= —;O cose=”~;Lg

.. . . . .. . . . .
,.

.:. .. ,. . . . ... . .

the, a&le at whiih the: air enter8 the difi%8eT, degrees..
.

. tb’ k per@&ular to the radius, Stquare fe~t
-.

“.vg2. . ‘,. .
Tt-Te=. . .+gfi R

. .

‘ where

Tt the thtel Ixmperatwe of the air, %’ absolute

Ta the static tomperaturo of tic air, % absolute

7 the ratio of specific @ats, taken as 1.3*7

R the gas constant, taken as 53.9

(5)

(6)

where

Pt “the total pressure of the tir, pounds por square foot

Pa” the static pressure of the air,. pounds per squere foot

Ps, Q= WRT~ . “ ““(7)

where “

VI the weight of air flowing, pourds per second “ :

Ccmputathns of the angle in%lve a trial and, error
solution. . .

.

.

.—. — — — —. — —- —.— .
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RESUMEMD DISOTEWN

The performance of the mixed=flow Impeller * varied
difflzser unit ti-th a meau impeller frontal clearance” of O.0~
inch is presentd in figures 7 and g where adidatic efficierq
and pressure coefficient, respectively, are plotted against
load coefficient. The maxlnnm over+ll efficiency was tit 0=~
at impeller tip speeds of ~, 1000, and 12tXl feet per second.
At tip speeds of ~ and 1100 feet per second tM peak ef ficiencg
was very little lower. Aa with the efficiency, the pressure
coefficient wae nearly the same at all tip speeds. The msxlmm
pressure coefficient was O.% from tip speeds of ~ to 1~
feet per second. At tip speeds of 1100 and 12Q0 feet per second
the peak pressure coefficients were only about one point lower.

Surveys were made at the impeller outlet, diffiser outlet,
and 2 inches from the dif~er at to obtain an indication of
the pwfomence of the components of the unit and what results
might be expected from various modifications. Ovaxwll measur-
ments were taken at the same time ae a check. The results of
these surv~s are shown In figure 9. The surveys were ditided
Into two ~~s, one located at a diffier passage that discharged
dlrectl.y toward a discharge duct, the other located appi ~+~lmately
goo aw~m The data from each of these groups Wre separately
calculated, and both sets am plotted in figure 9 with the same
symbols. Aa mi@ be ~ected, the points are somewhat scattered,
end the data cannot be considered too accurate because of the
difficulty of taldng meaauremnts in the highly turbient air
in the diffuser. ~ data, in particular, taken in the diffuser
exit were scat tared and the two groups gave separate curves at
high load coefficients. The curves do, however, give an
indication of tho losses in the various components.

The results plotted in figure 9 showthat the impeller
efficiency is ve~ M@v reaching a peak of about 0.92 at
KKl feet per second and O. Ml at 1100 feet per second. The
largest loss in the unit is apparently between the diffuser
exit and 2 inches beyond the dt. This loss is prob~ly due
to several reasons. E’irst, the diffuser has a small expansion
ratio, the ratio of the exit area to the inlet area being less
than 2:1, and is desi~d for use in conjunction with a scroll-
@e outlet. Second, the area of the collector Is very large,
causing a considerable 10SS due to sudda expansion.

As there is also a large 10ss in the difftmer and as the
curves for the Impeller effici~ azd ovm+dl efficiency do
not peak at the same load coefficient, it waa suspected that
the angle at which the diffuser was set did not coincide with

----
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the angle at which the air entered at the hi@est impeller
efficiexq. . The angle waa therefore calculated from the
data and is also plo.ttai @it the load coefficient in
figwe 9. !lllefa ctthatthemaxhull ov~all eff icimcy
occurs at an angle of @, the angle for which the diffuser
was desi~, indlcatps that the data are fairly relidble ~
that the correct angle of design should be about 2@ qs the
i~eller efficiapcy pa at this point.

As there is certainly a loss in the diffuser passages it
is difficult to estimate the gain that ml@ be obtained by
w% w =trance angle. This increase, being only a
fraction of the difference skwn, wmld probably be small and
may only tend to slxf t the operating point without increasing
the peek, although the efficiencies at the higjmr load cocffi-
cionts should show a wibstantial increase.

The results of the tests with the frontal clearance rcducod
to 0,035 inch are plotted in figures 10 and 11, and a comparison
is mado with the original tests in fi=ves 12 and 13, I&mu these
curves it can be seen tht the efficiency is increased awor the
original by two or three points, the maamza efficiency being
0.77 at ~ feet per second.

The peak efficie~ falls off very little with speed?
decreasing from 0,77 at ~ feet per second to 0.76 at 1~ feet
per second. The curves show that the frontal clearance has cm
appreciable effect on the supercharger performance although the
effect is not so great at 1~ f Get per second aa at lower
speeds ,

The curm of adiabatic head against the load coefficient
at all eeds for tho 0.03>inch clearance test is shown in

Yfigure 1 . k this curm the efficiencies are plotted as
contour?, and the point of maximumefficiency is seen to be
at ~ feet per second at a load coof ficient of about 0.225.

The pressure ratio at @o F Is plotted against the load
coefflcient h f i--e 15. The mximum r.’tio obtained was 2.35
at 1200 feet per second at a load coefficient of 0.25. b
results of. the tests run to compare the characteristics of the
originaI ~ replacement impellers are shown in figure I-6.
The curves showthat the performance of the two Impellers is
identical.

In order to reduce the bge loss due to sudden axpansion
at the diffuser exit, a vaneless extmsion was added to the
diffhser. ~ sizes were tried, one 27 inches in diameter @

——
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the other 35 inches in diameter. The test results with these
oxtonsions are plotted in fi~e 17 and compared with the
previous tests. The use of the 27-inclAiameter extension
increased the peak efficienqr at ~ feet per second from 0.77
to o.~ and at ID feet per second, from 0.76 to O.~. b
x pressure coefficient was increased about two points in
both cases. No additional increase in effici~ waE obtained
~ usiug the larger extension. As the manufacturer used a
scroll-type outlet that eliminated tho stien expansion, the
results are comparable and the value of K) percent obtained by
the NAOAapproaches the valw obtained in his tests.

In general, it might be said that the supercharger was a
very smootkmnnlng machine and that pulsation was so gentle
tkat at the lower speeds it was difficult to detect. Bren at
the high speeds it was not violent ad should not cause undue
stresses or mprociably affect the operation of an engine.

The characteristic curves are fairly flat over most of the
range, although at 1~ feet per second they becom steeper.

The pressure coefficimt is about eight points lower than
the conventional supercharger which means that to obtain the
same pressure retio the impeller must turn about 1.06 times as
fast.

00N0IUSICNS

1. Tho mixed-flow impeller end varied diffuser unit showed

L
a eak efficien~ of 0.77 ad a peak pressure coefficient of
o. at a tip speed of ~ feetper second with the impeller
frontal clearance set at 0.035 inch. The efficiency at 12C0
feet per second fell OnJY ofi-point to 0.76..

2. The supercharger showed itself to be
to clearance, the peak efficiency being about
at a mean frontal clearance of O.0~ inch.

3. Survqw in the hpeller end diffuser

fairly semi tive
two points lower

showed that the
impeller efficiency was v&’y high, being about 0.92. The
SUIAVWSalso showed that there was a large loss in the test
rig colloctor case caused by the sudden expansion as the air
left the diffuser and a large loss in the diffuser itself.

4. The use of a vaneless axtonsion on the original
diffuser increased the peak effici~ to 0.80 and substantiated
the qansion 10ss indicc ted by the Survqs. As the manufactur-
er IS tests ware run with a scroll-type outlet which also

.
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eliminates the sudden expansion, the tests - comparable and
check as to efficiencies of Kl percent.

.,-,- .

Umgley Wanorial Aerorwmtical Laboratory,
National Mvisoq committee for Aeronautics,

~m~eld, vs., ~11, 1*2.

1. Ellerbrock, Herman H., Jr., and Ccldstein, Arthur W.:
Principles and Methods of Rating and Testing Centrifugal
Supercharger. NACAARRTab. 1942.

2. NACASubcommittee on Supercharger Cunpressors: Standard
Procedures for Rating and Testing Centrifugal Ccamressors.
~~A AIR No. E5113 , 1~~.
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Figure 1. - Mixed-flow impeller.
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Figure 2. - Vaned diffuser.
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Assembly of mixed-flow impeller and vaned diffuser showing principal dimen-

sions and clearances.
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Figure 4. - Test setup for supercharger investigation.
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Figure 6. - Location of survey tubes in diffuser passages. .



Figure 7. - Adiabatic efficiency of supercharger - 0.070 in. mean frontal clearance.



Figure 8. - pressure coefficient of supercharger - 0.070 in. mean frontal clearance.
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Figure 10. - Adiabatic efficiency of supercharger - .055 in. frontal clearance -
tangential outlet pipes.



Figure II. - pressure coefficient of supercharger - .055 in. frontal clearance -

tang entia~ outlet pipes.



Figure 12. - Comparison of supercharger performance ..-- .035 in. clearance

at . 070 in. mean clearance and at .035 in. clear- —. 070 in. mean c1 earance

ante.
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ante.
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Figure
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i5. ”- Pressure ratio of mixkd-flow impeller
diffuser ●t 60° F - frontal clearance .035

and
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~ repl acement impeller ~ori ginal impellel
I. impeller frontal clearance = 0.03511 in both cases



Fig

I
-A.

+- “1
-!& I-Y> A.

I

!“ I !

ure 17. - Performance characteristics of supercharger with vane less diffuser ext ensi
~diffuser with 27” (). D. vaneless extension

+-+-diffuser with 35” O.D. vaneiess extension

impeller frontal clearance = 0.03511 in all cases
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